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ABSTRACT

Cast 214, 356-T6, and Almag 35 aluminum plate (3/8 in. thick)
were welded to wrought 5456 aluminum alloy plate (3/8 in. thick), using
the gas tungsten-arc process. Commercial filler metals 4043, 5183,
and 5556 were used. Two beads were deposited on both sides of a double
vee joint.

It was determined by radiography that the weldments were of ex-
cellent quality. No dufects were noted, except for slight tuingsten inclu-
sions in one weld. All tensile test specimens, with the reinforcernerts
removed, failed in the cast member with the following res-tits.

Approx Strength Approx Joint
Welded Combination (psi) Efficienciesa

Casting / Fill er / Wrought Yield Tensile (%)

Almag 35/5183/5456 95
Almag 35/5556/5456

214/5183/5456 14,200 22,000 99

Z14/5556/5456

356-T6/5556/5456 14,200 21,000 53
356-T6/4043/5456

aBased on tensile strength of casting.

The weldments containing Almag 35 casting yielded the highest ten-
sile properties. Although the joint efficiencies of the 356-T6/5456 weld-
ments were low, the as-welded properties of this combination were ap-
proximately equal to the properties of the 214/5456 weldments. The
choice of filler metals had little influence on the weldment properties.
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INTRODUCTION

Because of their relatively high strength-to-weight ratio, many
alum inim alloys are being used in the manufacture of army equipment.
In many of these items, wrought alloys, such as 2219, 2014, 5083, and
5456, are employed for structural integrity. The strain-hardenable
5000 series alloys, altbough of moderate strength in comparison with
the 2000 and 7000 series heat-treatable alloys, are more weldable in
many instances and are being used particularly in the construction of
lightweight personnel carriers.

The incorporation of aluminum castings in an assembly is also
often desirable from a design and production engineering standpoint.
The difference in composition and structure between cast and wrought
aluminum alloys, however, can present problems in joining. Although
the need for joining cast to wrought components is becoming more prev-
alent, very little specific information has been reported on the weld-
ability of such combinations.

In view of the need for this type of data, Frankford Arsenal in-
vestigated and reported the weldability of selected cast aluminum alloys
to 5086 wrought aluminum sheet. 1 Alloy 5086 was of interest since it
was being use d extensively for missile applications. Of six casting alloys
investigated, it was found that Almag 35, Al-7%0 Mg, and 214 could be a-
tisfactorily welded to the 5086 material. Casting alloys of the 356 alloy
family were not as weldable to 5086 because of the excessive formation
of magnesium silicide.

Since tlhe investigation relative to 5086 wrought aluminum sheet,
two similar higher strength alloys (5083 and 5456) have come into promi-
nence, particilarly with the development of lightweight military vehicles,
and a determination of their welcability with aluminum casting alloys was
needed. Since both alloys are similar in composition and strength, it was
believed that it would not be necessary to conduct duplicate experiments
on each alloy and, therefore, an arbitrary decision was made to use 5456
alloy in t-i, investigation. This report documents the work that ensued.

1 M. S. Orysh and I. G. Betz, "Study of the Weldability of Aluminum

Casting Alloys with 5086 Wrought Aluminum Alloy, " Frankford Arsenal
Report R-1467, September 1.958.



The casting alloys selected were 214, 356, and Almag 35. Almag
35 and 214 were chosen because of their weldability in. the preceding
study. Alloy 356, although less compatible with 5086, waE al-o included
since it is a leading high strength aluminum casting material and would
probably be considered for many cast aluminum compon.ts.

MATERIALS

Wrought 5456 Aluminum Alloy Plate

Wrought 5456 aluminum alloy plates, 11-1/2 x 4-1/2 x 3/8 inches,
were obtained by rolling 1-1/4 inch thick plate. The chemical composi-
tion of the plate is given in Table I. The mechanical properties (trans-
verse to the rolling direction) of the rolled plate are given in Table II
and the Appendix.

Cast Aluminum Alloy Plate

Alloys 214, 356, and Almag 35 were cast in the form of plate,
11-1/2 x 4-1/2 x 3/8 inches. The castings were made by the shell mold-
ing process from commercial ingot ±naterial. The 356 plates were heat
treated to the T6 condition, using an air circulating furnace in which the
solution treating and aging temperatures were controlled to within ± 5 F.
The chemical compositions of these alloys are also given in Table I.

Radiography indicated that the castings were sound. The mechani-
cal properties of tensile specimens removed from the plates were within
the requirements specified in Federal Specification QQ-A-601b, "Aluminumi
Alloy Sand Castings. " These properties are also given in Table II and the
Appendix.

Filler Metal

The filler metals selected for each cast-to-wrought combination are
listed below. All were commercially available as welding electrodes.
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Casting Filler Metal Wrought Plat e

Almag 35 5183, 5556
214 5183, 5556 5456
356-T6 4043, 5556

Alloy 5556 was developed by industry for welding 5456 and was an
obvious choice for this investigation. Its chemical composition is essen-
tially the same as that of 5456 except that the maximum limit on copper
is lower, thus maintaining corrosion resistance in the cast deposit. Ti-
tanium, which is intentionally added to 5556, serves as a grain refiner.

Alloy 5183, on the other hand, was originally developed for welding
5083, but has also become recognized and accepted as an effective filler
metal for fabricating the 5456 alloy. In this investigation, 5183 was con-
sidered a particularly promising filler for the 214/5456 combination since
its magnesium content, unlike that of 5556, was between the magnesium
compositions of both base metals.

Filler metal 4043 was investigated only in connection with the
356/5456 conbination, which presented the greatest chemical dissimilarity.
From the Previous work, 1 it was expected that the joining of these two al-
loys would present the greatest weldability problem of the three combina-

tions under investigation. In this instance, filler metals 4043 and 5556
favored the cast and the wrought members, respectively, with regard to
silicon and magnesium contents.

WELDING PROCESS AND EQUIPMENT

All welding was manually performed, using the gas tungsten-arc
process. The equipment consisted of a 230/460 volt, 60 cycle ac-dc arc
welder, with a high frequency arc initiation control. A wave balancer
was also used in conjunction with the welder to minimize the dc component
and give equial wave halves for secondary ac current operation.

Iid.
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PROCEDURE

The study was limited to the preparation and testing of wldments

having base members (both cast and wrought) of equal thickness. It
was anticipated that failure under tension would occur either in the weld
or the casting, in view of possible embrittlement in the weld due to di-
lution with base metal products and the relatively weak structure of the
weld and castings with respect to the 5456 member. The wrought alloy
(5456) is generally recognized as being readily weldable, at least when
5556 or 5183 filler metal is used. Although weldments could have been
designed to force failure in the vicinity of the wrought member, such an
approach was not undertaken in this project.

Joint Preparation

The joint geometry consisted of a 90' double vee groove, having
a 1/16 inch root face and no root opening. This geometry was consist-
ent with generally accepted welding practice for 3/8 inch thick plate.

The plate surfaces to be welded (11-1/2 inch side of plates) and the
adjacent surfaces for a distance of one inch from the joint were cleaned
prior to welding.

The wrought 5456 plates were cleaned by immersion in a solution
of nitric-hydrofluroic acid for four minutes. The acid solution consisted
of 3. 8 liters of water to which were added 0. 4 liter of technical nitric
acid (58% to 62% HNO 3 ) and 0. 03 liter of technical hydrofluoric acid (48%
HF). After immersion, the plates were washed with cold water and dried
using compressed air.

The castings were cleaned by sanding the bevelled surfaces and ad-
jacent areas. The castings were then wiped with alcohol and air dried
to circumvent possible moisture entrapment in surface irregularities
that are normally characteristic of castings.

Welding

One cast and one wrought plate for each alloy combination listed un-
der "Materials" were joined. The welds were made along the longer side
of the pieces, transverse to the rolling direction of the wrought plate.

6



Welding was accomplished by depositing two weld beads on each side
of the joint. The welding data, except for voltage, are listed in Table
III. Available methods of measuring such voltage could ixot be used
due to the high frequency pilot circuit of the welding machine.

TABLE III. Welding Data

Welding voltage (v) NMa

Welding current, ac (amp) 190 to 200
Argon shielding gas flow (liters/min) 12 to 15
Tungsten electrode diameter (in.) 3/16
Filler rod diameter (in.) 3/32
Prewelding temperature of fixture (0F) 100 to 120
Number of passes 4

aNM - Not measured.

Preparation and Testing of Tensile Specimens

Both faces of all weldments were fully machined, removing 1/ 16
inch from each side. Thus, the reinforcement was removed and the
thickness of the weldments was reduced from 3/8 to 1/4 inch. Five
transverse weld specimens were then cut from each weldment, as
shown in Figure 1, and machined into standard tensile test specimens. 2
Tensile specimens were also removed from unwelded cast and wrought
material in order to obtain comparative data.

All welded specimens were radiographed to establish the quality
of the weld. The radiographs were evaluated by comparison with Pur-
chase Description ABMA-PD-B-27 "Radiographic Inspection; Sound-
ness Requirements for Fusion Welds in Aluminum and Magnesium Mis-
sile Components. "

The specimens were then tested in a 20, 000-pound capacity hy-
draulic tensile testing machine, using a cross head travel speed of

2 "Federal Test Method Standard No. 151, " Specimen FZ, Figure 3,

17 July 1956.

7
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Figure 1. Location and dimensions of Tensile Specimens

8



approximately 0. 05 in. /min. The yield strength of each specimen was
determined at 0. 2 percent offset. The ductility of the specimens was
determined in terms of percent elongation in a Z-inch gage length.

RESULTS AND DISCUSSION

Radiographic Examination

With the exception of two specimens, no defects were noted in any
of the welds. The two specimens, machined from the 356/4043/5456
(casting/filler /wrought) weldment, contained srna41 scattered tungsten
inclusions in the weld deposit. In accordance with the Purchase De-
scription, the tungsten particles were regarded as a form of scattered
porosity and, on this basis, the specimens were comparable to Refer-
ence Radiograph Al-2, and would be considered "borderline, " but
would not be considered rejectable quality unless other "borderline"
defects existed.

All specimens, except the previously mentioned two, would be
considered "acceptable" under the most rigid quality assurance require-
ments, - Class I of the Purchase Description. These two specimens,
however, would be "acceptable" under Class II, the second of five classi-
fications for soundness and quality. All welds, therefore, were "accept-
able" at the level of at least Class IT of the Purchase Description.

Tensile Tests

The average transverse tensile properties of each welded combin-a-
tion are graphically presented in Figure 2 and listed in Table II along
with their corresponding standard deviations. The tensile properties
of individual specimens are given in the Appendix.

All tensile specimens failed through the cast base member at ap-
proximately 1/4 to 1/2 inch from the fusion line. In terms of joint effi-
cienciec, both the Almag 35/5456 and 214/5456 combinations produced
the highest results, as shown hn'the.following tabulation.

9
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Welded Combination Joint Efliciency
(Casting/ Filler/ Wrought) (%)

Almag 35/5556/5456 95
Almag 35/5183/5456 93

214/5556/5456 100
214/51.83/5456 98

356-T6/5556/5456 52
356-T6/.4043/5456 53

*Based on tensile strength of unwelded casting

These efficiencies are similar to those obtained in previous work
wherein the above castings were welded to 5086 wrought aluminum al-
loy. 1 Althoutgh the calculated average efficiencies for the Almag 35/5456
combinations were bo'th 95 percent, statistical treatment of the tensile
data produced no significant difference between the strengths of the un-
welded Almag 35 casting and those of the weldments. As expected, the
joint efficiencie-3 of the 356-T6/5456 combinations were low. The de-
terioration in propercties was the direct result of the heat of welding on
the heat-treated cast structure. No effort was made to test weldments
heat treated after welding, although an improvement would be expected.
Often the heat treating of fabricated structures is difficult, if not im-
possible, and so performance must depend on the as-welded properties
of the item.

Considering tle. tensile data, the Alrnag 35/5456 weldments, with-
out exception, provided the highest properties. The Ultimate tensile
strengths obtained were nearly 70 percent higher than the other two com-
binations. Yield strengths were over 30 percent greater, and percent
elongations exceeIed the otaer corbinations by at least 75 percent.
These differences, when comparing 214 with Almag 35, are a reflection
of the differences in properties of the unwelded castings. As previously
noted, ho-wever, the lower strengths experienced with the 356 alloys
were caused by the welding operation.

lIbid.
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It was also noted that the properties of the 356/5456 weldments

were essentially the same as those obtained with Z14/5456 combina-

tions, although a significant deterioration occurred in the 356 alloy

as a result of welding.

This work indicated, therefore, that Almag 35 is the most de-

sirable casting of the three for use with 5456. Also, there appears to

be little advantage in selecting 214 in preference to the 356-T6 alloy

in so far as weldment tensile properties are concErned, even though a

100 percent joint efficiency is obtainable with the 214 casting..

The filler metals used to weld different base metal combinations
apparently had little effect on the properties of the weldments or their
fracture location. Only weldments of combinations 356/4043/5456 and
356/5556/5456 showed any difference in their results, Welded speci-
mens made with filler metal 4043 were slightly higher in yield and ulti-
mate tensile strengths than were those made with 5556. Although it is
believed unlikely that the filler metals contributed to this s]ight differ-
ence, the significance, if any, of this variation could not be-determined
in this study.

The ability of filler metals to exert an influence on the mechanical
properties of these weldments could depend on the dimensional features
of the joint. Assuming that the filler metal influence would be reflected
principally within the weld metal, the effect could become distinguishable
and significant if some other joint design were employed in the test speci-
mens. As an example, an increase in casting thickness with respect to
other sections of the joint might cause the weld to become the most criti-
cal area, subject to failure. Under these conditions, the filler metals
might have a more pronounced effect on the performance of the weldment.

CONC LUSIONS

1. The 214 and Almag 35 castings were successfully welded to
5456 wrought aluminum alloy, using either 5183 or 5556 filler metals
and the gas tungsten-arc welding process. The quality of these weldments

was excellent in that no defects were noted except for slight scattered
tungsten inclusions in one weld.

12



Z. The welded Almag 35/5183/5456 and Almag 35/5556/5456
(casting/filler/wrought) combinations fliled at approx4oately 37, 000
psi, with an average joint efficiency of 95 percent base- L- the original
tensile strength of the casting.

3. The welded 214/5183/5456 and 214/5556/5456 combinations
failed at approximately 22, 000 psi, with an approximate joint efficiency
of 99 percent based on the original strength of the casting.

4. The welded 356-T6/5556/5456 and 356-T6/4043/5456 combina-
tions failed at approximately 21, 000 psi, with an approximate joint effi-
ciency of 53 percent.

5. Welds made between casting alloy 356-T6 and wrought 5456
alloy were of high quality but, in the as -welded condition, weldments
failed at strengths significantly below the original strength of the cast-
ing due to over-aging of the heat-treated casting by welding.

6. All tension test specimens with reinforcement removed failed
in the cast mnmber of the joints since both members were of equal thick-
ness.

7. Tha filler metals used in this investigation apparently had
little influence on the tensile results of the three base metal combina-
tions when welded in this configuration.

13



APPENDIX

TENSILE DATA

Tensile Properties of Cast and Wrought Aluminum Alloys

Strength (psi) Elongationb
Alloys Ult Tensile Yield '  (%)

Almag 35 37,000 19,300 10.4
38,000 19,200 12.0
42,100 19,700 18.8
4Z, 300 20,000 16.8
36,800 19,600 9. 5

Avg 39,200 19,600 13.5

214 20,300 12,900 4.4
Z4,200 13,200 7.0
23, 200 13,600 7. 2
21,300 12,700 4.9
21,400 13,100 5.4

Avg 22,100 13,100 5.7

356-T6 37,800 32, 500 2.0
39, 500 34,600 2. 0
40, 700 34, 900 2. 5
41,400 33,600 3.0
40, 300 34, 600 2. 0

Avg 39,900 34,000 Z. 3

5456 58,600 44,400 9.6
59, 200 45,500 9.8
59,200 45,700 10.4
58,800 45,700 9.9
58,300 45,400 9.4

Avg 58,800 45,300 9.8

aAt 0. 2 percent offset

b 2n Z-inch gage length

14



Transverse Tensile Properties of Cast Aluminum Alloys
Welded to 5456 Wrought Alloy

Material Combinations Strength (psi) Elongationb

(Cast/Filler/ Wrought) Ult Tensile Yielda' (%)

Almag 35/5556/5456 37, 100 19,900 c
37, 300 19,800 11.4
37,600 19,000 11.5

37, 000 19,400 10.7
36,600 19,900 9.6

Avg 37, 100 19,600 10.8

Almag 35/5183/5456 38,600 19,600 12.4
39,300 19,700 1Z. 5

38,000 20,000 12.4
36,200 19,000 10.0
35,100 19,500 8.7

Avg 37,400 19,600

214/5556/5456 22,400 15,300 3.7
21,800 14,400 4.8
Z1,500 14,400 4.6
22, 500 14, 100 5.0
2Z,400 14,600 4.-8

Avg Z2,100 14,500 4.6

214/5183/5456 20,900 14,100 4.Z
21,300 13,800 4. Z
ZZ,200 13,600 4.8
21,700 13,900 4.4
22,1)0 13,900 4.8

Avg 21,600 13,900 4.

356-T6/5556/5456 20,400 13,400 6.3
Z0 300 13,500 5.6
20,700 13,200 5.9
20, 600 13,300 6.6
20, 800 14, 300 6.6

Avg 20,600 13,500 6. z

aAt 0. 2 percent offset

bIn 2 inch gage length

CBroke outside of gage marks 15



Transverse Tensile Properties of Cast Aluminum Alloys
Welded to 5456 Wrought Alloy (Cont'd)

Material Combinations Strength (psi) Elongationb

(Cast/ Filler /Wrought) Ult Tensile Yield a  (%)

356-T6/4043/5456 21, 100 14,100 6.4
ZO, 900 14, 200 6. 1
21,200 13,900 6.2
21,400 14, 500 5.8
21,400 15,200 6.3

Avg 21,200 14,400 6. z

aAt 0. 2 percent offset

bin Z inch gage length

16



DISTRIBUTION

1 - Hq, U. S. Army Materiel Command 1 - Commanding General
Attn: AMCRD-RS-CM-M U.S. Army Missile Czrnmand
Washington, D. C. 20313 Attn: Technical Information

Div
1 - Commanding General Redstone Arsenal, Alabama

U.S. Army Munitions Command 35
Attn: AMSMU-S

Dr. J. V. R. Kaufman 1 - Attn: Mr. R, Fink
Dover, New Jersey 07801 AMSMI-RXX

1- Attn: AMSMU-I 1 - Attn: Mr. E. J. Wheelahan
Mr. R. M. Schwartz AMSMI-RSM

1 - Attn: AMSMU-E 1 - Attn: Mr. R. E. Ely
Mr. C. 1-I. Staley

1 - Attn: Mr. T. N. L. Purghe
1 - Attn: AMSMU-LM, Marine

Corps Liaison Officer 1 - Attn: Mr. E. Fohrell

1 - Attn: AMSMU-LC, Combat 5 - Attn: Mr. C. Martens
Development Command AMSMI
Liaison Officer

1 - Commanding Officer
1 - Attn: Technical Information Div. U.S. Army Materials

Research Agency
1 - Commanding General Attn: AMXMR-PT

U.S. Army Test & Evaluation Mr. G. Darcy
Command Watertown Arsenal

Attn: STEAP-DS-TU Watertown, Mass. 02172
Mr. W. Pless

Aberdeen Proving Ground, Md I - Commanding Officer
21005 Picatinny Arsenal

Attn: Mr. J. Matlack
2 - Attn: Library Plastics & Packaging

Lab
1 - Commanding General Dover, N. J. 07801

U.S. Army Electronics Command
Attn: Mr. H. H. Kedesdy
Fort Monrmouth, New Tersey 07703

17



DISTRIBUTION (Cont'd)

1 Commanding Officer 1 - Commanding General
Ammunition Procurement and Chemical Research &

Supply Agency Development Labs
Attn: SMUAP-Mat'ls Engineering Attn: Chemical-Biological-
Joliet, Ill. 60436 Radiological Agency

Edgewood Arsenal, Md
1 Commanding Officer 21010

USA CDC Ordnance Agency
Aberdeen Proving Ground 1 - Commanding Officer
Maryland 21005 U.S. Army Coating &

Chemical Laboratories
2 Commanding Officer Attn: Dr. C. Pickett

Rock Island Arsenal Aberdeen Proving Ground
Attn: Labors ory Maryland 21005
Rock Island, Ill. 61202

1 -Commanding Officer
1 Attn: Mr. Robert Shaw, Watertown Arsenal

Laboratory Attn: Technical Referencre
Section

1 Commanding Officer Watertown, Mass. 02172
Springfield Armory
Attn: Mr. E. Abbe 1 Commanding Officer
Springfield, Mass. 01101 Lake City Army Ammunition

Plant
1 Commanding General Independence, Mo. 64050

U. S. Army Tank-Automotive
Center 1 Commanding Officer

Attn: SMOTA-RCS U.S. Army Research
Warren, Mich. 48089 Office-Durham

Attn: Metallurgy &
2 - Attn: SMOTA-RCM. 1 Ceramics Div

Box CM, Duke Station
1 - Commahding General Durham, N.C. 27706

Engineering R&D Laboratory
Fort Belvoir, Va. 22060 1 - Commanding Officer

Harry Diamond Laboratory

1 - Commanding Officer Attn: AMXDO- TIB
Ballistic Research Laboratory Washington, D. C. 20438
Attn: Mr. E. E. Minor
Aberdeen Proving Ground, Md

21005

18



DISTRIBUTION (Cont'd)

1 - Chief, Bureau of Ships I - Coramand-Lag General
Departknent of the Navy Aeronaui:.al Systems
Attn: Code 343 Divibior,
Washington, D. C. 20360 Attn: WCTRL-2,

Materials Lab
1 - Chief, Bureau of Naval Wright-Patterson Air

Weapons Force Base, Ohio
Department of the Navy 45433
Attn: RRMA-211
Washington, D. C. 02360 1 - Attn: WCRRL,

Aero Research Lab
1 - Commander

U.S. Naval Ordnance Laboratory 1 - Commander
Attn: Code WM Arnold Engineering and
Silver Spring, Md 20910 Development Center

Air Research & Developizn-c
1 - Commandant Center

U.S. Naval Weapons Laboratory Tullahoma, Tenn. 373E,9
Attn: Terminal Ballistics Lab
Dahlgren, Va. 22448 1 - National Aeronautics and

Space Administration

1 - Comma-ider Attn: Mr. B. G. Achhammer
U.S. Naval Ordnance Test 1512 H. St., N. W.

Station Washington, D. C. 20546
Attn: Code 5557
China Lake, Calif 93557 1 - Attn: Mr. G. C. Deutsch

1 - Commander 1 - Attn: Mr. R.V. Rhode
U.S. Naval Research Laboratory
Attn: Mr. J. E. Scrawley 1 - Geo C. Marshall Space
Anacostia Station Flight Center
Washington, D. C. 20390 Attn: Mr. W.A. Wilson,

M-ME-M
1-Hq, Air Research and Development Huntsville, Ala. 35809

Conmand
Attn: RDTDPA 1 - NASA Lewis Flight Propul-
Andre-,s Air Force Base sion Laboratory
Washington, D. C. 4-0331 Attn: Library

21000 Brookpark Rd
Cleveland, Ohio 44135

19



DISTRIBUTION (Cont'd)

Defense Metals Information 1 - Mr. J. B. Hess
Center Departrrmnt of Metallur-

Battelle Memorial Institute gical Research
Columbus, Ohio 43201 Kaiser Aluminum &

Chemical Corporation
U.S. Atomic Energy Commission Spokane 69, Washington
Office of Technical Information

Ext, 1 - Dr. Schrade F. Radtke
P.O. Box 62 American Zinc Institute
Oak Ridge, Tenn. 37831 60 E. 42nd St

New York 17, N. Y.
1 - Army Reactor Branch

Division of Reactor Development 1 - Dr. Win. Rostoker
Atomic Energy Commission Armour Research Foundation
Washington 25, D. C. Illinois Institute of

Technology
20 - Defense Documentation Center 10 W 35th St.

Cameron Station Chicago 16, Ill.
Alexandria, Va. 22314

1 - Mr. Robert H. Brown
I - Mr. Carson L. Brooks Aluminum Company of

Reynolds Metals Company America
4th & Canal Sts Alcoa Research Labs
Richmond, Va. P.O. Box 772

New Kensington, Pa.
1 - Dr. Robert S. Busk

Dow Chemical Company 1 - Curtiss-Wright Corporation
Midland, Mich. 48641 Woodridge, N. J.

Attn: A. M. Kettle
1 - Dr. LaVerne W. Eastwood

Olin Mathieson Chemical 1 - Dr. C. M. Adams, Jr.
Corporation Division of Sponsored

Metallurgy Division Research
400 Park Avenue Massachusetts Institute of
New York 22, N. Y. Technology

Cambridge, Mass.
1 - Dr. Thomas A. Read

University of Illinois
Urbana, Ill. Reproduction Branch

FRANKFORD ARSENAL
Date Printed; 8/19/64

20



~~ 44 04 9

ci 14 4 44 ~ ' 0 4

(4 44 - d 0 Cl 0 404
00 20 C, 00 w

to a-- 4 ( 4 3 m & " 'au ml 11 4,1'

4qw L I 4

44~ ~~~~~~ 1. 914. 044O4 4 4 "4'r0 04' A

4. 04 41 - .' " 4 ' !' W1 
'. 4 4 4 

11. 
4 

a4il l

* ~~Z . j3'' 411"4 04

EW tZ' Iw- "I w A B 44.-'n.,- a 3 C3

0 1' 104 44 t4 w g u 41 0" a

'0444'6 A 4 u4- e.; 'oWo v

al H 00 9'44 a'4 0' 44

4s 0.04041'0a 24 ' 1- '. 444 !41 4
N 4mid . 4 0 44 'l

.*'4 H'~f~540 L I0 o"44 44'4 0 0

0" 4 4 40.4 14 4-'0'40O a4 4 A!

wf w .914 w4 0

N 0. 032 mE1
4 1

4. 0 m4

(4l.''04 14 .z 4'N4

1 4'0

00 4 4

1414
V4 "44A :

U 4 4 -'4 4 .0N *~0" A 4 ~ 4 A4 C '4' 0

z v
0040- bA, N ~ ~ -UP 6~

Z 0U4 lA :0lH0 '4

i

40 Iuo3w 0o;4

44~ ~~~ 0.4 04 04& 4 0'4

Jr0 4'" 'f0'4. , O'0 ~t ~ * 404 04 0 44 0
0 0'0"~4'"4444 044r

44 04-40.440 0."4 4444444(4 0 -' 4 4444 4

4'~ ~ A-0 0.- 44444'40 '44 ' 4400 0'' 444 40 '444
(4 40 ' 4 H44 440(44 ' 44 H4(4 g 4 HOO 5(444 "44

0' Ig3~ 0"".44 ,-nw A ' 9 4 o"'0
C 8444 OS 4 0 4 0 '40 NW4.'C'440 .

Co~ 0. 44a03 v.' Ve 'm3
*1 44444-4 4~ ~~1 104: 44 444 * 44 .

Z44o

4 84

00 ~ ~ ~ .444441(4 00" 0 4

" 0 OdA M. 0 MA.'



-4 N N

NM N

0 0

4 *.- I'M -4j .0h

0. 0

4 "44 0
v. Is4004p I.

640 C !o4

0A a 00" I4, 12 "'0 4C i

N, A a

0 4 84M lo -" 0 >N -0 AM

5V i22 0Mg 0m 4"0 ** -,g Zn.' 0
"4~~ 0* 0%' .- 'M

b40 v a

04S" 0 "4 04
'CuO I a4 >, JM A*du

"4 00 ",, C U ' CJO -o
oN u IL 0C - ok "4 -I A . X M 0m

Mf.0 0D p 4C 00 0 g N I
1

0l.0 W4 . M C M " 0 I

V) u, 4 0Ann * 0 0 ~ 3j

00 U)~jt t . , SO430

' 0M Np 0.C .0M n "N j

F4 C a 0U In 2w S0 M"r/ ow

U so 4 "N N U * 4 "0 a M'C' N.w* 4 N

5, .. 1 0 00

6M 
0 ow 44 . 0 00 4 N . . a 

aC 
00 13

a N'C AUM 
5 .

MM NN 1)c "40 "4 MM.4N

0M MM --I~ "4I0bx0"4

all C U U 0.. 0.t mh

C ' N0 NO 0 M .4. a CS
.A l o . AN .M ." .44 

NCM

"4 0 N 4

40 N c 'w"

I~~- RuiI0 I
W " 0 r w A4 0'

.410 Nw 'LA'a4
0'. U M0 0 m


